Background: A standard second-line chemotherapy regimen has yet to be defined for patients with gemcitabine (Gem)-refractory advanced pancreatic cancer (PC).
introduction
Pancreatic cancer (PC) is the fourth most frequent cause of death from cancer in the United States with an estimated 32 000 new cases in 2005. Survival remains poor with a 5-year survival rate of only 4% [1] . More than 80% of patients are initially diagnosed with an advanced stage of PC, for which the treatment goal, in most cases, is to control disease-related symptoms and prolong survival.
Single-agent gemcitabine (Gem) was approved for first-line chemotherapeutic treatment of advanced PC on the basis of improvement in clinical benefit response and survival [2] .
Gem-based combinations with a platinum compound or a topoisomerase inhibitor have shown no survival advantage compared with single-agent Gem [3] . The combination of Gem with erlotinib (an orally available tyrosine kinase inhibitor, targeting the epidermal growth factor receptor), however, resulted in a statistically significant prolongation of progressionfree survival (PFS) and median survival time in patients receiving the combination therapy compared with patients receiving single-agent Gem [4] . Furthermore, the results of a recent phase III trial comparing Gem versus Gem plus capecitabine also showed a significant survival benefit in patients receiving the combination therapy (6.0 versus 7.4 months, respectively) [5] .
Because of optimized chemotherapy and supportive treatment in patients with advanced PC, more patients are in good clinical condition when progression on first-line therapy is detected. It is unclear, however, if these patients could benefit (e.g. regarding survival) from further chemotherapy. Thus, a standard chemotherapeutic regimen after Gem failure remains to be defined. Until recently, only a few studies with a small number of patients have investigated the role of second-line chemotherapy in advanced PC. On the basis of the interim results of a randomized study, the median survival time after failure of first-line Gem treatment was 10 weeks in patients receiving best supportive care (BSC) alone as subsequent therapy versus 21 weeks in patients receiving second-line chemotherapy with oxaliplatin/folinic acid/5-fluorouracil (5-FU) plus BSC [6] . Four phase II trials also using an oxaliplatinbased second-line regimen after Gem failure reported median survival times (measured from the start of second-line therapy) of 25 weeks for oxaliplatin/leucovorin/5-FU [7] , 5.9 months for irinotecan/oxaliplatin [8] , 6 months for Gem/oxaliplatin [9] and 5.2 months for raltitrexed/oxaliplatin [10] . Other phase II studies of second-line chemotherapy assessed paclitaxel monotherapy [11] and a combination of the cytotoxic drug 5-FU with the Cox-2 inhibitor celecoxib [12] . Table 1 provides an overview of selected clinical trials evaluating second-line chemotherapy in patients with advanced PC [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Pemetrexed (ALIMTA Ò , Eli Lilly and Company, Indianapolis, IN) is a novel multitargeted antifolate that targets several enzymes involved in folate metabolism: thymidylate synthase, dihydrofolate reductase and glycinamide ribonucleotide formyltransferase [16] . Pemetrexed has shown in vitro and in vivo antitumor activity in several malignancies, and has been approved in the United States and the European Union for the treatment of inoperable mesothelioma (in combination with cisplatin) and for second-line chemotherapy in pretreated patients with non-small-cell lung cancer [17, 18] . In patients with advanced PC, front-line chemotherapy with pemetrexed has shown clinical activity as a single agent [19] as well as in combination with Gem [20] . Nevertheless, in a large randomized phase III trial [20] , the combination of Gem with pemetrexed did not yield a survival benefit compared with Gem alone (6.2 months versus 6.3 months, respectively), although the tumor response rate was significantly higher on the combination arm (14.8% versus 7.1%, P = 0.004).
On the basis of these results, this open-label, multicenter, phase II trial was conducted to evaluate the efficacy and safety of pemetrexed as a second-line treatment in patients with advanced PC who had progressed on single-agent Gem or Gem-based first-line chemotherapy.
patients and methods

patient population
Patients at least 18 years of age with histologically or cytologically confirmed diagnosis of unresectable or metastatic pancreatic adenocarcinoma not amenable to resection with curative intent were included in this trial. Documented tumor progression on prior systemic first-line chemotherapy with single-agent Gem or a combination regimen including Gem was required. No prior systemic treatment with 5-FU and no more than one prior systemic chemotherapy regimen was allowed. Previous radiation was allowed to <25% of the bone marrow if completed at least 4 weeks before study entry. Patients had to have completely recovered from the acute toxic effects of prior first-line treatment. Additional eligibility criteria included unidimensionally measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of two or less, a life expectancy of at least 12 weeks and adequate bone marrow, hepatic and renal function. Patients with documented brain metastases, clinically significant third-space fluid collections (e.g. ascites or pleural effusions) or with second primary malignancies (except in situ carcinoma of the cervix uteri, adequately treated nonmelanomatous skin cancers or other malignancy treated at least 5 years previously with no evidence of recurrence) were excluded. Pregnant or breast-feeding women and patients unable to use an approved contraceptive method during and for 3 months after the study were also excluded. The study was approved by the ethical committees in all participating centers in Germany and each patient gave written informed consent before any studyspecific procedure. This study was conducted according to the Helsinki Declaration and according to the guidelines on good clinical practice.
study design and treatment plan
This was an open-label, single arm, multicenter phase II trial of pemetrexed. The primary objective was to assess the 3-month survival rate; secondary end points were tumor response rate, time to disease progression (TTP), overall survival (OS) and toxicity. An additional post hoc analysis was done to evaluate the carbohydrate antigen 19-9 (CA 19-9) response.
Pemetrexed was given at a dose of 500 mg/m 2 intravenously over 10 min every 3 weeks in an outpatient setting. A dose escalation by 100 mg/m 2 every other cycle was allowed-according to defined escalation criteria-at the investigator's discretion (up to a maximum dose of 900 mg/m 2 ). All patients received adequate vitamin supplementation with folic acid (400 lg p.o. daily) and vitamin B 12 (1000 lg i.m. every 9 weeks) starting 1-2 weeks before treatment initiation and continuing until 3 weeks after discontinuation from the study drug. Dexamethasone (4 mg p.o. twice daily on the day before, the day of and the day after pemetrexed) was used to prevent rash. If necessary, defined dose reductions of pemetrexed were carried out according to clinical and laboratory parameters. Chemotherapy with pemetrexed was continued until disease progression or unacceptable toxicity occurred.
evaluation criteria for efficacy and toxicity
Physical examinations and assessments of PS, vital signs, hematology and serum chemistry were carried out before each treatment administration. original article
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Tumor response was evaluated by computed tomography (CT) scan or magnetic resonance imaging (MRI) according to RECIST criteria [21] . For the best overall response of 'stable disease' (SD) (defined as less than 30% reduction and less than 20% increase in the sum of the longest diameter of target lesions and the appearance of no new lesions), follow-up measurements were required to have met the SD criteria at least once at a minimum interval after the initial assessment of 9 weeks. In patients with no further lesion measurement after the baseline assessment and no evidence of disease progression (e.g. drop out due to consent withdrawal), best overall response was classified as 'unknown'. CT or MRI scans for response evaluation were carried out at baseline and were repeated routinely before every other cycle (every 6 weeks). CA 19-9 serum levels were measured within 2 weeks before the first dose of study drug and subsequently on day one of every cycle.
All patients who had received at least one dose of pemetrexed were included in the analyses of TTP, OS and toxicity. Toxicity was assessed at each cycle according to the National Cancer Institute Common Toxicity Criteria, version 2.0.
sample size and statistical analyses
The primary outcome measure of this study was the 3-month survival rate. Survival was defined as the time from treatment administration to the date of death from any cause. Assuming a 3-month survival rate of 50%, no censoring, and a sample size of 50 patients, the width of the corresponding 95% confidence interval (CI) (i.e. 27.8%) was regarded as having an adequate precision. The TTP was defined as the time from treatment administration to the first observation of disease progression or death. TTP was censored at the date of death for patients who had died without documented disease progression and at the date of the last visit for those patients who were alive without documented disease progression. All time to event parameters were analyzed according to the Kaplan-Meier method [22] . The 3-month survival rate was evaluated using the product limit estimate calculated with PROC LIFETEST in SAS Version 8.2 (SAS Institute, Inc., 1989). All further data for categorical or continuous variables are given as absolute and relative frequencies or as medians with ranges, if not otherwise indicated. For response rates the corresponding 95% CIs were also given. Table 2 . The median age at the start of second-line pemetrexed was 62.5 years (range 28-78 years). All but one patient had stage III or IV disease; the main metastatic sites in stage IV patients were liver, lung and abdominal lymph nodes. Thirty-two patients (61.5%) underwent prior surgery of curative (Whipple operation 36.5%) or palliative intent. Seven patients (13.5%) had received prior radiotherapy, and all 52 patients had undergone one previous Gem or Gem-based chemotherapy regimen. Of seven patients (13.5%) with prior adjuvant chemotherapy (five patients Gem, two patients Gem + oxaliplatin), five patients had developed distant metastases on or after adjuvant treatment.
treatment
A total of 192 cycles of pemetrexed were administered in this study, with a median number of two completed cycles per patient (range 1-19 cycles). The median dose of pemetrexed per cycle was 500 mg/m 2 (range 212-700 mg/m 2 ). At the time of the final analysis, all 52 patients had discontinued study treatment. The main reasons for discontinuation were disease progression (37 patients, 71.2%), patient refusal (six patients, 11.5%), death from study disease (five patients, 9.6%) and adverse advents (three patients, 5.8%). Dose escalations were carried out according to the protocol in two patients (3.8%) to 600 mg/m 2 and 700 mg/m 2 . The pemetrexed dose was reduced in nine patients (17.3%) mainly due to hematological toxicity (in five patients).
efficacy results survival. Thirty-nine patients were still alive 90 days after study entry, resulting in a 3-month survival rate of 75% (95% CI 63.2% to 86.8%). After a median follow-up of 20 weeks (range 1-83 weeks), 47 patients (90.4%) had died, four patients (7.7%) were still alive and one patient (1.9%) was lost to follow-up. The median OS time calculated from the first dose of pemetrexed was 20 weeks (range 1-84 weeks) and the median OS calculated from the initial diagnosis of PC was 58 weeks (range 8-271 weeks). The median TTP was 7 weeks (range 1-62 weeks). Kaplan-Meier plots for the estimates of OS and TTP are shown in Figure 1a and 1b, respectively.
response by imaging criteria. Tumor response is summarized in Table 3 . Overall, two patients (3.8%) achieved a partial response (PR) (30% decrease in the sum of the longest diameter of target lesions and no appearance of new lesions), with a duration of 51 days and 198 days. Ten patients (19.2%) experienced SD for ‡9 weeks as defined in the study protocol. Twelve (23.1%) of the assessable patients had SD for >6 weeks and 9 (17.3%) patients had SD for >12 weeks. Thus, the disease control rate (DCR = PR + SD) in this study was 23.1%.
CA 19-9 tumor marker response. Forty-five (86.5%) of the 52 patients treated with pemetrexed had elevated CA 19-9 levels (defined as values >30 U/ml) at baseline with a median value of 2 341 U/ml (range 38-8.7 · 10 5 U/ml). Follow-up CA 19-9 levels 
discussion
This study, which included 52 patients, is currently the largest completed phase II trial to evaluate the role of second-line chemotherapy after Gem failure in patients with advanced PC. Until recently, only three randomized trials were initiated in this patient population. Oettle et al. designed a phase III trial that compared BSC alone versus BSC plus chemotherapy using a combination regimen of oxaliplatin/folinic acid/5-FU after failure of first-line Gem. The planned sample size of this randomized study was 165 patients. Preliminary data reported from 46 patients indicated a possible survival benefit for second-line chemotherapy (BSC = 10 weeks; BSC + chemotherapy = 21 weeks) [6] . Two other randomized studies which compared rubitecan (an oral topoisomerase I inhibitor)
to 'physicians' best choice of care' (n = 409) and irinotecan plus raltitrexed to raltitrexed alone (n = 38) reported median survival times from 13 to 28 weeks, respectively [13, 14] . In the randomized phase II study by Ulrich-Pur et al. [14] , the addition of irinotecan to the selective thymidilate synthase inhibitor raltitrexed resulted in a clinically meaningful increase of response rate (0% versus 16%), median PFS time (2.5 versus 4.0 months) and median OS time (4.3 versus 6.5 months).
On the basis of promising results of palliative first-line treatment we selected pemetrexed as the investigational agent for this multicenter study. Because CR (complete response) or PR to chemotherapy is not necessarily a primary treatment goal in patients with advanced PC [2] , the 3-month survival rate was defined as the primary end point in this phase II trial. This survival parameter may be more clinically relevant than the overall response rate in this setting. This study used the standard dose of 500 mg/m 2 pemetrexed given every 3 weeks with vitamin B 12 and folic acid supplementation to reduce toxicity. The 500-mg/m 2 standard dose had been established in earlier studies without vitamin B 12 and folic acid supplementation [23] . In order to tailor the dose to individual patients, intrapatient dose escalation was allowed in patients meeting a predefined criteria of low toxicity. The option was used in two patients only (dose escalation to 600 mg/m 2 and 700 mg/m 2 ), and thus had no impact on the overall results of the study.
Pemetrexed was generally well tolerated and toxicity was manageable. As expected, the main toxicity observed was hematological. With adequate vitamin supplementation, grade 3/4 neutropenia was reported in 17.3% (febrile neutropenia: 3.8%) and grade 3/4 thrombocytopenia in 5.8% of patients. Hematologic toxicity was also the main reason for pemetrexed dose reductions. These toxicity data appear more favorable than those reported in a previous phase II trial in which pemetrexed (600 mg/m 2 every 3 weeks) was given as first-line treatment without folic acid and vitamin B 12 supplementation [19] . Grade 4 non-hematological toxicity was not observed and nonlaboratory toxicity was limited mainly to diarrhea, nausea and stomatitis/pharyngitis. Under adequate prophylaxis with oral dexamethasone, the observed dermatological toxicity was mild, with only one patient experiencing grade 3 skin rash. In general, also the evaluation of quality of life should be regarded as an important parameter for treatment evaluation in clinical trials. Quality-of-life data were, however, not obtained in this study.
The objective response rate (3.8%) in the present study was similar to that seen in the first-line study [19] ; in this secondline setting, a disease control rate of 23.1% was achieved. Other investigators, mainly those who incorporated oxaliplatin in their treatment regimen, recently reported response rates of >20% and disease control rates of >50% for salvage chemotherapy in Gem-refractory patients [7, 9, 10] , whereas objective response rates in large phase III trials investigating first-line (mainly Gem-based) combination chemotherapy in advanced PC only ranged between 6% and 27% [3, 24] . On the other hand, the survival data in this trial (a 3-month survival rate of 75% and a median survival time of 20 weeks after initiation of pemetrexed) were comparable to the survival data of these oxaliplatin-based combination regimens [6, 7, 9, 10] . Other 
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phase II trials investigating regimens with only one cytotoxic drug in the second-line setting reported median survival times of 17.5 weeks and 15 weeks [11, 12] . Encouraging preliminary data were also obtained from the first trial that included a targeted agent in second-line treatment after Gem failure. Blaszkowsky et al. administered capecitabine plus erlotinib in 30 patients with metastatic PC and achieved a remission rate of 11% (corresponding DCR 68%) and a median OS time of nearly 29 weeks [15] . The comparison of survival data between small phase II trials is difficult due to differences in the evaluated patient populations. Certain baseline patient characteristics (e.g. PS) have been shown to be strong and independent of prognostic factors regarding survival [24, 25] . A recently presented retrospective, multicenter survey that evaluated the role of fluoropyrimidine-based second-line chemotherapy in 160 patients with advanced PC showed that the most important independent prognostic factor for PFS in the second-line setting was PS [26] , indicating that careful patient selection for salvage chemotherapy may be important in clinical practice as well as future clinical trials. Therefore, the study population can determine-in part-the survival results of a clinical trial. Previously published phase II trials of salvage chemotherapy in advanced PC included a wide range of different and noncomparable patient populations. For example, populations differed in terms of PS (the proportion of patients with ECOG 0/Karnofsky >90% ranged from 0% to 61%) or prior chemotherapy (patients with >1 prior chemotherapy ranged from 0% to 29%) [10] . Only a well-designed, randomized phase III trial that stratifies patients according to prognostic factors such as tumor stage or PS will be able to determine a potential survival benefit of a second-line regimen in patients with advanced PC. In this setting, pemetrexed-based combination regimens (e.g. with a platinum [17, 27] or a targeted agent) may be a promising approach to further improve the efficacy of second-line treatment after failure of first-line Gem chemotherapy.
In conclusion, pemetrexed is a safe treatment option with limited activity in second-line chemotherapy after Gem failure. On the basis of its safety profile and clinical activity as a single agent, pemetrexed-based combinations merit further investigation in this setting.
